drought spells. The annual average rainfall ranges from 950 mm to 1200 mm (GSS 2010) . Meanwhile the southern Ghana has bi-modal pattern, although it is little weak. In this paper, we focused on the northern regions because of some reasons, i.e. sweetpotato was an important crop for people in Upper East Region, and less importance in Upper West and Northern Regions. The Regional Analytical Report by the Ghana Statistical Service described the soil in Nyankpala as sandy-loam with deposits of gravel while that of Navrongo and Wa are predominantly savannah ochrosols and laterites (GSS 2010) . Furthermore, during our routine work done in these chosen trial sites, we became aware of the soil in Nyankpala relatively fertile compared to Navrongo and Wa. Table 1 shows the results of soil analysis for the three trial sites.
The incidence of SPVD was recorded in Nyankpala and Wa, while in Navrongo, the sweetpotato weevil was noticed to be a problem. Four farmer varieties were used: Apomuden (Kamala Sundari (CIP440243), orange-fleshed sweetpotato), Bohye (CIP199062.1) light orange flesh), Dadanyuie (KEMB 37) white-fleshed sweetpotato) and Ligri (Cemsa 74-228 (CIP400004), white flesh). Planting materials were multiplied in insect-proof net tunnels and in adjacent field plots at the primary multiplication located at Bontanga near Tamale in northern Ghana. Except for Apomuden, the crops, including sweetpotato. This work was undertaken to determine the potential for using cultural practices, specifically net tunnels and visual selection, to improve quality of sweetpotato planting material, and yield of crops derived from it.
Methods and Materials
Studies were conducted in 2015 at three defined environments in the northern parts of Ghana, i.e., Nyankpala, Northern Region (9°23'35"N, 1°00'21"W), Navrongo, Upper East Region, (10°48'27''N, 1°6'24''W) and Wa, Upper West Region (10°4'37''N, 2°30'21"W). Figure 1 shows the map of Ghana indicating the trial sites.
From the evidence-base experiences, the northern parts of Ghana has relatively lower sweetpotato virus diseases (SPVD) pressure compared to the southern parts of Ghana. However, in the northern Ghana, the sweetpotato weevil incidence is more pronounced as compared to the southern regions. The above reasons could be fairly explained due to having a difference in rainfall distribution pattern between the above two regions. In northern Ghana, people have experience with a uni-modal rain season distribution pattern with long Table 2 shows the number of plants established, rating of plant vigor, foliage yield, biomass and HI. There were highly significant differences among varieties on plant establishment, plant vigor, biomass, and HI, but not for foliage yield. There were highly significant (p-value<0.001) differences among locations for all variables being observed. Moreover, a non-significant (p-value = 0.625) difference was noted from the two sources of planting material. There were also highly significant genotype by environment interactions for plant establishment at p-value<0.001 with LSD 5%=2.0 and plant vigor at p-value<0.001 with LSD 5% = 1.2 (data not shown), but interactions were not significant (p-value = 0.674) for foliage yield, biomass and HI. Interactions of variety by source of planting material were significant only for plant establishment (p-value<0.045, LSD5% =2; data not shown). In Nyankpala, plant establishment and HI were significantly(p-value = 0.001) higher than in Navrongo and Wa, when planting material was from the net tunnel (data not shown). However, from the three-way ANOVA, varieties strongly determined the meaningful results of the trials. From our observation, it was noted that Bohye and Dadanyuie established well (p-value<0.001) and had higher harvest index (p-value<0.01) at Nyankpala. For the harvest index calculation, Apomuden was superior in Wa, and Bohye in Navrongo (p-value<0.01). In contrast, the source of planting material from the open field as defined as "apparently" healthy material was interestingly found to have a better result, in some cases throughout our trials. For instances, Dadanyuie variety in Wa and Navrongo, Bohye in Wa, and Ligri in Navrongo had better HI from the open field source than from the net tunnel (p-value<0.001; data not shown). Table 3 shows the storage root yield (t/ha), weight of marketable storage roots (t/ha), rating of the first and second observation SPVD and rating for weevil damage throughout the trials in 3 sites and two sources of planting materials. A highly significant difference was found among varieties on storage root yield, weight of marketable planting materials grown in net tunnels came from the tissue culture lab after cleaning them from sweetpotato virus diseases (SPVD). The field multiplications were done using the "apparently" healthy planting material, which was a non-pathogen-tested material. "Apparently" healthy field-derived planting material was produced by rogueing plants showing virus symptoms (namely Negative Selection). A total of 8 treatment combinations were arranged in a randomized complete block design (RCBD) with 3 replicates. The 4 X 5.1m plots were planted to 17 cuttings per row by 4 rows. Plants were spaced at 0.30 m within plants and 1m between rows. The experiments were conducted during the rainy season. Weeding, reshaping and vine lifting were carried out in all locations. It was strongly advised that we needed to give a basal application of fertilizer (NPK 15:15:15) in Navrongo and Wa, at the rate of 400 kg/ha at four weeks after planting (WAP). Harvesting was done at 120 days after planting (DAP). For the data collection, two inner rows of each plot were harvested, leaving a plant each at the beginning and the end of row, and giving a net plot of 9m 2 . Number of plants established, rating for plant vigor, foliage yield (kg/plot), biomass weight (kg/plot), weight of marketable roots (kg/plot), and total root yield (kg/plot) were measured and recorded and yield per hectare calculated. Plant establishment was observed and recorded at 4 WAP and the plant vigor at 1 month before harvest. Biomass was calculated from the total root weight per plot (kg/plot) and the total vine weight per plot (kg/plot). Harvest index (HI) was calculated from the total root weight (kg/plot) divided by the weight of biomass (kg/ plot). Sweetpotato weevil damage and SPVD were rated and analyzed. For the weevil damage and the incidence of SPVD symptoms, we used the scale of 1 to 9 whereas 1 was no damage and 9 was worst. For plant vigor, we rated 1 for very poor and 9 excellent growth. The first SPVD symptoms were observed at 6-8 WAP. The second SPVD symptoms were taken 1 month before harvest. The general analysis of variance (ANOVA) and the three-way ANOVA (Anonymous, 2013) were utilized to calculate the means of each variable recorded from the trials to be statistically analyzed to draw conclusions. Table 3 , it was noted that among varieties, there were highly significant differences on the SPVD symptoms at the first (LSD5% = 0.4) and second (LSD5% = 0.5) observation at p-value<0.01. Furthermore, no significant difference (p-value = 0.38) on the SPVD symptoms among locations at the first observation was observed but the symptoms at the second observation on the SPVD incidence were clearly appearent and this was significantly noted and importantly to be considered (written in vague manner, needs to be re written), although, it was only at p-value of 0.1 and LSD10% of 1.1 (Snedecor and Cochran 1980; Morad 1989; Moore and McCabe 1999) . It is shown from the results that the SPVD incidence were clearly depended on varieties and the sources from where the planting materials were taken. The Bohye, Dadanyuie and Ligri plants continued having less SPVD symptoms across the three sites, i.e. Navrongo, Nyankpala and Wa if the source of planting material came from net tunnel. It is likely that Wa and Nyankpala were noted to have a high SPVD pressure compared to Navrongo (Table 3) . Nonetheless, a non-significant (p-value = 0.38) difference on SPVD symptoms was recorded in Apomuden. Furthermore, this variety has shown a SPVD symptomless in all the three sites. There was non-significant (p-value = 0.38) difference on the SPVD incidence from Apomuden irrespective of the case whether the planting material was from the net tunnel or from the open field. This result could be from the "negative selection" which was intensively done on this variety. Hence, this variety has steadily been showing less symptoms for SPVD. This finding has confirmed the early research finding done in Malawi in 2012 (Abidin 2012 ). This result is also consistent with the fact that the Apomuden was not from pathogen-tested sources, so in this case, there was no clear advantage to multiplying planting material in the net tunnel, where as in the case of the pathogen-tested varieties, there was a clear advantage. Nevertheless, the lack of virus-free or clean planting material is regarded as a major constraint. Most of the local landraces and introduced materials are degenerated because of the sweetpotato virus disease. In fact, a variety can be disappeared from the farmers' collections. For instance, an old orange-fleshed sweetpotato variety in storage roots, the first and second observation of the SPVD and rating of the damage by sweetpotato weevils (Cylas spp). A highly significant (p-value = 0.001) difference was found in among locations on storage root yield, weight of marketable storage roots and rating of weevil damage. Non-significance (p-value = 0.743) was found on the first observation of SPVD. However, the second observation of this disease showed no statistically significant differences among experiment variance at p<0.05, but differences of virus incidence was stated with 10% probability (p<0.1). Non-significance was noted between the two sources of planting material, i.e. net tunnel versus open field, on the total yield of the storage roots, weight of marketable storage roots and weevil damage. Nonetheless, a high significance (p-value<0.001) was observed between the two sources of planting materials (net tunnel vs open field) for both observations on the SPVD.
A highly significant difference was found among varieties across locations on the total root yield (p-value<0.001), weight of marketable storage roots (p-value = 0.01), SPVD at the second observation (p-value = 0.003), and weevil damage (p-value<0.001). In the first observation of SPVD symptoms, a non-significance was recorded among varieties across locations (data not shown). With respect to the two sources of planting material (net tunnel vs open field), there were no significant differences among varieties on total yield of the storage roots (p-value = 0.305), weight of marketable storage roots (p-value = 0.547), the second observation of SPVD symptoms (p-value = 0.278) or damage caused by weevils, except for first observation of SPVD symptoms at p-value = 0.001 (LSD5% = 0.5; data not shown). It was recorded that Bohye, Dadanyuie and Ligri varieties have shown their superiority if the sources of their planting material came from the net tunnel. Meanwhile, Apomuden did not show any differences whether it was collected from the net tunnel or from the open field.
Discussion
The statistical analyses were also done using three-way analysis of variance. The interactions between the four varieties across the three locations and two sources of planting material were investigated. No significant interaction was found in the total root yield (p-value = 0.320), weight of marketable storage roots (p-value = 0.456), and weevil damage (p-value = 0.370). Although in Table 3 , it shows that Navrongo had weevil damage significantly higher compared to other sites if we considered that the locations were the main factor in the
